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When public funding advances mitigation projects, local, state, and federal agencies 
should regularly review the efficacy of these projects by evaluating the losses avoided and 
implementation challenges. By conducting this type of study, the benefits of the mitigation 
projects in terms of economic performance using actual events can be identified. The results 
demonstrate the effectiveness of the projects and can be used to promote the value of investing in 
mitigation measures. 
Hazard mitigation is defined by the Federal Emergency Management Agency (FEMA) as 
“any action taken to reduce or eliminate long-term risk to people and property from natural 
disasters.” This loss avoidance study estimates flood damages along the DuPage River that 
would have occurred in Shorewood, Illinois, if at-risk properties had not been mitigated. The 56 
properties at the center of this loss avoidance study were acquired and demolished over 15 years 
using a variety of public funds following the 1996 northeast Illinois floods that resulted in 
federal disaster declaration DR-1129.  
This loss avoidance study is funded through the Illinois Department of Commerce and 
Economic Opportunity (ILDCEO), which administers the Community Development Block Grant 
Disaster Recovery program (CDBG-DR). Following a wave of federal disaster declarations in 
2008, Congress enacted a $6.1 billion nationwide CDBG-DR program tasked to assist with 
“necessary expenses related to disaster relief, long-term recovery, and restoration of 
infrastructure, housing and economic revitalization…” in areas affected by natural disasters that 
year (ILDCEO, 2009).  
This study investigates 56 properties along the DuPage River in the Village of 
Shorewood that were acquired and demolished between 1996 and 2010 through four different 
public sources for a total project investment of $8,035,187, adjusted for 2020 dollars. The 
calculated total losses avoided are $13,677,575, resulting in a loss avoidance ratio of 1.70 (Table 
1). Additionally, the environmental benefits total $4,339,726, bringing the total return on 
investment to 224 percent. This means that at the time of this publication, for every dollar 
invested in the purchase and removal of the properties, $2.24 of losses avoided and additional 
benefits were realized. The mitigation benefits, or return on investment, have already surpassed 
the initial investment, and they will continue to accrue into perpetuity. 
During the past century, the Village of Shorewood transitioned from a sleepy summer 
cottage respite along the DuPage River to a rapidly expanding suburban community. The village 
pays homage to its founding through multiple plans that aim to preserve the floodplain and a 
small-town community identity while enriching residents and businesses through public parks 
and recreational opportunities. The village has invested in financial mechanisms to facilitate 
long-term capital improvement projects, including buyouts, and has local champions who seize 

























Hazard mitigation is defined by the Federal Emergency Management Agency (FEMA) as 
“any action taken to reduce or eliminate long-term risk to people and property from natural 
disasters.” This loss avoidance study examines the effectiveness of two residential buyout 
programs that spanned 15 years along the DuPage River in Shorewood, Illinois (Figure 1). The 
acquisitions were spurred in response to the record-breaking rainfall event of July 17–18, 1996, 
the second costliest disaster in the state of Illinois at the time (Angel, 2016).  
 
Figure 1. Village of Shorewood project area map 
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When substantial public dollars are invested into 
private property with the overarching goal to benefit the 
public, a program’s success is proven through the reported 
results and long-term impacts. One type of financial analysis 
comparing the costs and benefits is called a loss avoidance 
study (LAS) and serves as a reference when considering 
whether similar programs are worthy stewards of future 
public investments. An LAS is an evaluation method that is a 
hindsight analysis looking at the “benefits” of a completed 
mitigation project as losses avoided. An LAS considers losses 
that would have occurred without the mitigation project and 
evaluates the project’s financial effectiveness. Other benefit-
cost analyses are foresight analyses used to make decisions 
about the feasibility of future mitigation projects.  
In 2018, the Multihazard Mitigation Council, as part 
of the National Institute of Building Sciences (NIBS), found 
that public-sector acquisition of buildings exposed to riverine 
flooding has a benefit-cost ratio of 7:1. This means society 
saves $7 for every $1 invested in mitigation (Multihazard 
Mitigation Council, 2018). Although the NIBS study provides strong evidence of the value of 
mitigation, long-term localized and in-depth analyses are also needed to ground truth results and 
ensure public monies are invested cost-effectively. 
The State of Illinois has invested millions of dollars to acquire flood-prone properties. To 
assess the economic performance of mitigation activities over time and encourage continued 
funding of mitigation projects, loss avoidance studies are used to assess the economic 
performance of a mitigation project based on actual hazard events. The economic performance is 
identified by comparing the value of the losses that were avoided with the cost of the mitigation 
project. This study demonstrates the value of investing in mitigation projects rather than making 
repeated and costly repairs. 
 Project Background 
The number of properties acquired and returned to greenspace, the proximity to a river 
gage, and the availability of current floodplain studies made Shorewood an ideal location for the 
LAS. Once selected, the willingness and enthusiasm from local officials who saw value in telling 
their story was an invaluable benefit to the project. Although this study analyzes and reports on 
key required components following FEMA’s guidelines, it also tells the meaningful story of 
Shorewood, its residents, and their collective resolve in the wake of repeated flooding. Disasters 
disrupt lives and cause long-lasting—and often permanent—harm to individuals and a sense of 
community. Relationships are altered, family treasures are lost, and the daily way of life is 
Shorewood, Illinois  
Mitigation Funding 
The Shorewood buyouts were funded 
by federal, state, and local programs: 
Federal Emergency Management 
Agency (FEMA) 
Hazard Mitigation Grant Program 
(HMGP) 
U.S. Department of Housing and Urban 
Development (HUD) 
Community Development Block Grant 
Disaster Recovery (CDBG-DR) 
State of Illinois 
General Revenue Funds 
Village of Shorewood 
Capital Improvement Program 
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irrevocably altered and grieved. Shorewood 
residents experienced these injuries, sometimes 
repeatedly, and no benefit-cost ratio can 
adequately capture the impacts through economics 
alone. However, Shorewood swiftly decided it 
would not suffer a repeat of the same fate and 
took immediate and purposeful action to assist 
impacted residents with a safer path forward by 
seizing timely federal and state funding 
opportunities and changing their vision for the 
established neighborhood adjacent to the DuPage 
River. 
This LAS is funded through the Illinois 
Department of Commerce and Economic 
Opportunity (DCEO), which administers the 
Community Development Block Grant Disaster 
Recovery program (CDBG-DR). The remnants of 
Hurricane Ike in September 2008 resulted in 
significant damages across Illinois from severe 
storms and flooding, qualifying the state for a 
Presidential Disaster Declaration (DR-1800) 
(FEMA, 2020a). In addition to the $92.5 million 
allocated to Illinois through FEMA for emergency 
work and recovery-related assistance, Illinois 
received disaster-related funds through the 
CDBG-DR program. Following a wave of federal 
disaster declarations in 2008, Congress enacted a 
$6.1 billion nationwide CDBG-DR program 
tasked to assist with “necessary expenses related 
to disaster relief, long-term recovery, and 
restoration of infrastructure, housing and 
economic revitalization…” in areas affected by 
natural disasters in 2008. Congress enacted the 
Consolidated Security, Disaster Assistance, and 
Continuing Appropriations Act, 2009, 
appropriating $6.1 billion through the CDBG-DR 
program, with Illinois receiving close to $194 
million (ILDCEO, 2020). This report adds to the 
review of past mitigation projects in Illinois. 
DuPage River, Illinois  
Feasibility Report and Integrated 
Environmental Assessment (2019) 
The DuPage River Watershed is located in 
northeastern Illinois and includes the Mainstem 
DuPage River East and West Branches of the 
DuPage River, as well as several major 
tributaries. The DuPage River is the largest 
tributary to the Des Plaines River. Both 
branches lie primarily in DuPage County before 
they meet the DuPage River Mainstem in Will 
County. The Mainstem DuPage River flows 
toward the southwest and ultimately joins with 
the Des Plaines River in Channahon, Illinois. The 
Kankakee Rivers flows into the Des Plaines 
River to form the Illinois River, also in 
Channahon, about four miles downstream of 
the DuPage River confluence. The total DuPage 
River Watershed area is 378 square miles. 
Elevations along the DuPage River Mainstem 




 LAS Methodology Overview 
This loss avoidance study for the Village of Shorewood in Will County focuses on 
property acquisition and structure demolition. The study determined the dollar value of losses 
avoided based on the depth of inundation due to subsequent flooding at the individual home 
sites, had they not been mitigated. The dollar value was then compared with the actual cost to 
mitigate each property to determine the overall cost-effectiveness of the acquisitions. The 
repeated flooding events provide several different scenarios to evaluate the effectiveness of 
mitigation efforts. 
The loss avoidance methodology used for this study is consistent with the methodology 
described in the Loss Avoidance Study: Riverine Flood Methodology Report (FEMA, 2011). 
Loss avoidance methodology can be applied to the mitigation of any type of natural hazard (e.g., 
flood, wildfire, seismic, wind). Flood hazard mitigation projects can be classified as either 
building modification or minor localized flood reduction projects. Building modification projects 
mitigate damage by modifying a building to reduce its risk of flood damage through 
acquisition/demolition, acquisition/relocation, elevation, or floodproofing. 
Acquisition/demolition projects are referred to as “acquisition projects,” and 
acquisition/relocation projects are referred to as “relocation projects.” Minor localized flood 
reduction projects, referred to as “flood reduction projects,” mitigate damage by reducing the 
hazard itself and include stormwater drainage system improvements, channel modifications, 
flood walls/barriers, and other projects that reduce flooding severity.  
An LAS analysis is composed of several steps to determine the effectiveness of the 
mitigation projects completed. First, the site is selected based on the availability of data for an 
LAS study. For this study, which looks at the benefit of a building acquisition project, 
information is collected about the characteristics of the acquired structures and a building 
inventory is created.  
Once the extent of the project area is determined by confirming the locations of the 
acquired structures, a flood hazard analysis is conducted. Stream gage data combined with an 
existing detailed hydraulic engineering model were used to recreate the flooding events that have 
occurred since the building acquisition project was completed.  
The results of the hydraulic analysis determine the extent and elevation of flooding in the 
events for the loss scenarios. Estimated flood depth grids for each scenario are used to 
approximate damages and losses for each property in the study area. The final phase of an LAS 
consists of a loss estimation analysis, in which the value of the losses avoided are estimated.  
Depending on the data available, the type of hazard, and the type of mitigation measure, 
different categories of losses and benefits can be calculated for the project. Table 2 shows the 


















M = It is mandatory this loss type be calculated in order to complete an LAS for the project. 
S = It is suggested this loss type be calculated if the data are available. 
NA = Not applicable loss type. 
 
1 = This loss type would only be mandatory if the mitigation project had been designed to protect buildings. 
2 = This loss type would only be mandatory if the mitigation project had been designed to protect infrastructure. 
3 = Applicable only to a large number of acquired buildings in close proximity. 




Loss Categories by Mitigation Type 




Building M1 M1 
Contents S S 
Roads and Bridges M2 NA 
Utilities M2 NA 
Landscaping S NA 
Vehicles/Equipment S NA 
Loss of Function 
Displacement Expense S S 
Loss of Rental Income S S 
Loss of Building Income S S 
Lost Wages S S 
Disruption Time S S 
Loss of Public Service S S 
Economic Impact of Utility Loss S NA 
Economic Impact of Road/Bridge Closure S NA 
Emergency Protective 
Measures 
Emergency Response Measures S S 
Debris Cleanup S S 
Subsistence and Sheltering S S 
Emergency Response 
Services 
Police and Law Enforcement S S3 
Fire Department S S3 
Emergency Medical Services S S3 
Search and Rescue S S 
Volunteers and Non-Governmental Organizations S S 
Other Applicable 
Benefits 
Recreational Opportunities S S 
Reduced Costs of Insurance Claim Processing S S 
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Finally, once the total losses avoided are 
calculated, the return on investment, or loss 
avoidance ratio (LAR) is calculated by dividing 
the losses avoided by the project investment.  
 
If calculating additional project benefits, a 
return on investment (ROI) can be calculated. 
The difference is that LAS evaluates only losses 
avoided, whereas ROI also considers benefits 
from the project. 
 
  
Calculate: Return on Investment (ROI) 
                       𝑹𝑹𝑹𝑹𝑹𝑹% = �𝑳𝑳𝑳𝑳+𝑩𝑩
𝑷𝑷𝑹𝑹
�𝑿𝑿 𝟏𝟏𝟏𝟏𝟏𝟏 
           
            where LA is Loss Avoided in Dollars, 
            B  is Project Benefits 
            and PI is Project Investment in Dollars 
                                
  
Calculate: Loss Avoidance Ratio (LAR) 
                       𝑳𝑳𝑳𝑳𝑹𝑹 = �𝑳𝑳𝑳𝑳
𝑷𝑷𝑹𝑹
� 
           
            where LA is Loss Avoided in Dollars 
            and PI is Project Investment in Dollars 




2. Study Area 
 Northeast Illinois Geography and Climate 
The borders of Illinois are physically defined by large rivers and Lake Michigan. Waters 
enter or flow from 24 states and two Canadian provinces into Illinois. Illinois also has one of the 
largest inland systems of rivers, lakes, and streams in the nation, and flooding is a common 
occurrence. Northeastern Illinois’ geography and the reverse engineering of the Chicago River at 
the end of the 19th century, combined with the present-day mixture of urban, suburban, 
agricultural areas, and open public space, create a unique microcosm ubiquitous with riverine 
flooding, urban flooding, and basement sewer backups.  
The climate in northeastern Illinois is classified as humid continental, characterized by 
warm summers, cold winters, and daily, monthly, and yearly fluctuations in temperature and 
precipitation. Average annual rainfall is usually between 30 to 40 inches per year, with greater 
amounts falling between April and August. Annual seasonal snowfall averages approximately 28 
inches. Early spring floods sometimes occur when, in conjunction with rainfall events and 
extensive melting of accumulated snow, the soils become fully saturated and runoff increases 
(USACE, 2019). The region has experienced an increase in precipitation volumes and high-
intensity events attributed to climate change and is projected to see further increases in the future 
(Angel, 2020). The changing climate has a substantial impact on regional flood risk and should 
be considered when revising local design standards and plans. 
From 1957 to August 2020, Illinois had 39 Presidential Disaster Declarations for severe 
storms, flooding, and/or heavy rainfall (FEMA, 2020a) (see Appendix 1). From August 2007 to 
October 2008, five severe storms with flooding were declared federal disasters affecting counties 
in northern and northeastern Illinois along the DuPage, Des Plaines, and Illinois Rivers and their 
tributaries. Most recently, Shorewood experienced notable flood events in May 2019 and May 
2020 with respective flood gage readings measuring the 10th and 7th highest readings, although 
the larger events did not qualify for a disaster declaration at a statewide level.  
 Topography and Geology 
The topography in the DuPage River basin varies from undulating to flat, with undulating 
being more prominent. Soils in the basin vary widely. West of the DuPage River, the soil is 
primarily composed of silt, clay, and loam and is generally poorly drained with some areas that 
are moderately well drained. East of the DuPage River are primarily well-drained soils of silt, 
clay, and loam with some areas of poor drainage (USDA, 2004).  
Principal flooding problems and flood damage in Will County result from several 
different causes. In the area around Shorewood, flooding is often aggravated by interbasin flow 
between the Illinois and Michigan Canal and the DuPage River. Floods on the much smaller 
tributaries in Will County are caused by intense thunderstorms, which occur in late summer and 
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early fall. These tributary floods are relatively more severe because of siltation and vegetation in 
the channels and because debris accumulates at culverts and bridges (FEMA, 2019a). 
 History of Shorewood 
Current-day Shorewood originated as a small summer cottage town along the DuPage 
River after farmland was subdivided in 1926. The village drew city dwellers from Joliet and 
Chicago, looking for a summer respite and clean air. The Shorewood Beach Improvement 
Association would dam the river during the summer for recreational purposes including 
swimming and fishing (Olson, 2014). Within a couple of decades, increasing numbers of families 
were making Shorewood and its summer cottages their permanent residence, and in 1957, with a 
population of 358, the village was incorporated. Over the next 40 years, the population steadily 
increased to just over 8,000 people (U.S. Census, 2000) and then quickly doubled in 20 years to 
today’s population estimate of 17,509 (U.S. Census, 2019).  
Before the urbanization of Shorewood, however, the village was known as Grinton of 
Troy Township (Figure 2) (Thompson and 
Burr, 1873). In 1845, William Grinton 
constructed a flour mill along the DuPage 
River. The mill served as the core for of a 
small village with a few streets laid out near 
current day Channahon Street. According to 
local historian Patrick Magosky, the mill had 
to be rebuilt, having “many trials as with the 
winter freeze and spring floods” and existed 
for 30 years before being destroyed by fire 
(Magosky, 2012). Ruins of Grinton Mill are 
in the Hammel Woods Forest Preserve on the 
DuPage River under the Route 59 bridge 
(Hodgdon, n.d.).  
The Illinois and Michigan (I&M) Canal, which still runs parallel to the Des Plaines and 
Illinois Rivers, was used for transporting freight from the Great Lakes to the Mississippi River. 
By the late 1880s, use of the I&M Canal was slowly being replaced by railroads. Grinton was 
located close to the confluence of the DuPage and Des Plaines Rivers and just upstream of the 
confluence of the Kankakee and Des Plaines Rivers where they become the Illinois River. The 
settlement of Grinton struggled and eventually failed (Olson, 2014). 
By the 1920s, plat maps identified Grinton as Troy, named after the township. In 1926, 
with the sale and subdivision of land along the DuPage River, the community started a new 
chapter in the area’s development. At the time of the village’s incorporation in 1957, another 
Troy existed in Illinois and so the village was officially renamed Shorewood. 
Figure 2. 1873 atlas map of Grinton, Will County 
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Shorewood was established and continued to develop because of its physical, economic, 
and cultural relationship with the DuPage River, which served not only as a source of industry 
but also for recreation and amenities that attracted and anchored residents. What started as a 
small summer resort town gradually evolved into a permanent residential community with the 
influx of returning GIs from WWII and the Baby Boom. Basic summer cottages, constructed to 
serve a limited purpose, were weatherized and retrofitted to function year-round. This is an 
important detailbecause most properties damaged in the 1996 flood and subsequent floods were 
originally summer cottages.  
 Shorewood Storm Events 
The inability of the DuPage River and its tributaries to contain peak flood discharges 
within the channel resulting from intense thunderstorms has historically led to flooding of 
villages along the lower reaches of the 
river. In recent years, the magnitude 
of this problem has increased due to 
urbanization and climate change 
(FEMA, 2019a). The July 1996 event 
remains the largest recorded flood 
event in Shorewood, resulting in the 
majority of buyouts studied in this 
report.  
Several of the most recent and most significant flood events affecting Shorewood and 
Will County are described below. Table 3 shows the top 20 events over the 79 years of record at 
USGS River Gage 05540500. The table includes the peak stage (height), peak discharge (flow), 
the federal disaster declaration, if applicable, and the FEMA financial assistance provided to 
Shorewood: specifically, Public Assistance (PA), Individual Assistance (IA), and Hazard 
Mitigation Grant Program (HMGP) funds awarded. The table was compiled from multiple 
sources, including the USGS Surface-Water Data for the Nation, NOAA Storm Events Database, 
and FEMA’s Disaster Declaration Database, supplemented by a Freedom of Information Act 
request to FEMA.  
Table 3. Shorewood's 20 largest flood events (1941–2020) 



























“Precipitation intensity in Illinois has increased over 
the last several decades. More frequent heavy 
precipitation events have caused significant 
hydrologic impacts, including both pluvial and fluvial 
flooding.” 
Trent Ford, Illinois State Climatologist 
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10/11/1954 11.06 12,000    
3/19/1948 10.1 11,000    




7/2/1983 9.94 8,030    
5/16/2020 9.51 9,010    
4/25/1950 9.25 9,070    
2/21/1997 9.14 7,100    
5/2/2019 8.81 7,920    
10/16/2017 8.61 7,400    
12/29/2008 8.56 7,310    
5/1/2017 8.49 7,540    
5/10/1990 8.43 6,220    
5/12/1966 8.26 6,990    
2/13/1949 8.15 4,500    
3/4/1985 8.04 5,760 DR-735   
8/26/1972 7.97 6,520    
3/19/1979 7.67 6,100    
1 All dollar amounts are from FEMA data and are assumed to be in the year of the disaster declaration. 
• Public Assistance (PA) funds support communities’ recovery from major disasters by providing them with 
grant assistance for debris removal, life-saving emergency protective measures, and restoring public 
infrastructure. 
• Individual Assistance (IA) funds are disbursed to ensure disaster survivors have timely access to a full 
range of authorized programs and services to maximize recovery through partnered coordination and 
provide financial assistance and direct services to eligible individuals and households. 
• Hazard Mitigation Grant Program (HMGP) funds help communities implement mitigation measures that 
reduce the risk of loss of life and property from future disasters.  
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The following section provides an overview of major flood events that affected 
Shorewood in 1996, 2008, 2013, 2019, and 2020. The narrative descriptions may apply to all of 
Will County as the information is sourced primarily from the Will County County-wide All 
Hazard Mitigation Plan 2020 draft update. Other sources of information were the USGS 
Surface-Water Data for the Nation, the NOAA Storm Events Database, and newspaper accounts 
of the events. References to federal disaster dollars expended are from the county hazard 
mitigation plan and are countywide figures, not limited to Shorewood. Dollars are assumed as 
shown in the year referenced by the source data, the year of the disaster declaration.  
July 1996 (DR-1129) 
Gage Height 14.03 feet 
Public Assistance - $4,265,671 
Individual Assistance - $933,042 (974 referrals)  
A severe thunderstorm belt with very heavy rain hit an area west of Chicago on July 17–
18, 1996 (Angel, 2016). The storm event produced several rainfall records and resulted in one of 
the costliest weather disasters in Illinois to this day. The 16.94 inches of rainfall recorded at 
Aurora still stands as the statewide record for the most rain from a single 24-hour period. To see 
rainfall distribution for the event, see the isohyet map in Appendix 2 (Holmes and Kupa, 1997). 
Across the area, fires were started by lightning, strong winds caused damage to structures, 
basements flooded, roads were washed out, and six lives were lost. One person was swept away 
by the floodwaters (Terry, 1996; Angel, 2016). The storm “turned creeks into roaring rivers and 
low-lying subdivisions into lakes, crowded with rescue workers in rowboats and rafts trying to 
avoid submerged cars and vans and downed power lines” (Terry, 1996).  
Figure 3. Flooding of DuPage River in Shorewood in 1996 looking upstream. 
Picture courtesy of Village of Shorewood 
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Shorewood was disproportionally affected by the storm, which resulted in the flood crest 
of record for Shorewood at 14.03 feet. The previous peak-flood-height record was 3 feet lower 
and 40 years earlier at 11.06 feet in October 1954. The average gage height of the DuPage River 
USGS gage is 2.7 feet. On July 18, 1996, residents of the Shorewood Beach Subdivision and 
nearby homes were inundated with floodwaters (Figure 3 and Figure 4). Residents described 
evacuating themselves or parents and the sheer speed of the rising floodwaters that caught 
families off-guard.  
 
Figure 4. David A. Barry Pedestrian Footbridge and flooded home in Shorewood. 
Picture courtesy of Village of Shorewood 
After the flood, about 38 homes were declared uninhabitable in Shorewood, making this 
Will County's most dramatically affected community. As many of the structures had become 
health and safety hazards after flooding, Shorewood families were not allowed to rebuild 
(Deardorff, 1996). The residents, many of whom had lived on the street for decades, had to 
abandon the neighborhood. Few people expected that a storm could cause so much damage, even 
with the proximity of the river. The Village Board placed a recommendation to apply for federal 
hazard mitigation funds to buyout and demolish the properties that were in the floodplain and 
restore them to greenspace. 
September 2008 (DR-1800) 
Gage Height 9.94 feet 
Public Assistance - $667,787 
Individual Assistance - $1,438,500 (1,159 referrals) 
Approximately 51 consecutive hours of rainfall across northeastern Illinois caused 
flooding and flash flooding across several counties, with 15 counties included in the federal 
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disaster declaration, DR-1800 (USACE, 2019). Shorewood undertook sandbagging efforts, as 
did Plainfield and Joliet. Across the central and eastern parts of the county, “…the flood resulted 
in sewer backups, flooded roads, river flooding, and water in basements” (Will County, 2013). 
FEMA provided $1.1 million in Individual Assistance to Will County, with $10,580 to 
Shorewood. 
April 2013 (DR-4116) 
Gage Height 11.54 feet 
Public Assistance - $1,238,434 
Individual Assistance - $4,368,244 (2,385 referrals)  
 
 
Figure 5. Flooding of DuPage River in Shorewood in 2013. Trees along left side identify previous buyout properties. 
Picture courtsey of Village of Shorewood 
The second highest crest of 11.54 feet was recorded at this gage on April 19, 2013. A 
large portion of northeastern Illinois received an average of 5 inches of rainfall, with localized 
precipitation of over 7 inches within 24 hours. The governor declared a “state of emergency” in 
38 counties, and 33 counties were included in federal disaster declaration DR-4416. The area 
was already saturated, having received additional rainfall several days prior to the event, 
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increasing the potential for overbank flooding (Figure 5). “Areas along the DuPage River, 
including…Shorewood generally received the heaviest amounts” (Will County, 2013).   
2019 (DR - None declared) 
Gage Height 8.81 feet 
Public Assistance - Not applicable 
Individual Assistance - Not applicable 
During the period April 28–May 1, 
2019, multiple precipitation events 
occurred, including rain and snow. 
Numerous communities felt the impacts of 
these events near rivers as quickly moving 
river volumes reached flood stage. 
Upstream in Aurora, 5.24 inches of rain 
were recorded. On May 2, 2019, the 
DuPage River at Shorewood was at 8.81 
feet, assigning this event 10th place on the 
list of 20 peak stage events.  
On September 28 of the same year, 
a flood advisory was announced for the DuPage River at Shorewood as the river had risen 3.20 
feet in the previous 24-hour period. Thunderstorms brought torrential rain, flash flooding, hail, 
and damaging winds to northern Illinois. Figure 6 shows that Shorewood, just to the west of 
Joliet, received over 4 inches of rain on September 28 (National Weather Service, 2019). 
2020 (DR - None declared) 
Gage Height 9.51 feet 
Public Assistance - Not applicable 
Individual Assistance - Not applicable 
Between May 14 and May 18, 2020, a series of thunderstorms inundated much of the 
Chicago area and suburbs. The Metropolitan Water Reclamation District reversed the flow to 
Lake Michigan due to the rise of the Chicago River. Flash flooding and scattered, strong 
thunderstorm winds occurred, following earlier rainfall. This resulted in the seventh largest 
recorded peak flood event on the DuPage River at Shorewood (Ferak, 2020), although according 
to Chief of Police Aaron Klima, damages to properties within the floodplain were nominal 
because of previous mitigation projects. 
Figure 6. National Weather Service observed rainfall, 9/28/2019 
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3. Mitigation Project Information 
Following the 1996 flood and resulting buyouts, the village’s grants administrator, Nancy 
Hoehn (nee Roman), reported in the after-event self-review that many of the affected residents 
“…were unaware they resided in a floodplain and did not realize they should carry flood 
insurance.” Many citizens had lived in these homes for decades, thereby falling through the 
cracks in mandatory floodplain insurance outreach requirements from mortgage companies. At 
the time, the village did not have a notification process. Although people knew the DuPage River 
to flood, the flooding was becoming more frequent as more development of impermeable 
surfaces occurred upstream in the Chicago suburbs. We also now know that higher intensity 
rainfall events were happening more frequently in northeastern Illinois than was previously 
modeled (Angel, 2020). Shorewood in the recent past had been able to manage seasonal flooding 
“…without much difficulty. The flood of July 1996 caught even the seasoned floodplain 
residents off guard, as well as the Village” (Hoehn). 
 Project Funding 
Shorewood mitigation buyouts were funded over 15 years through multiple programs, 
including FEMA’s Hazard Mitigation Grant Program (HMGP), the U.S. Department of Housing 
and Urban Development (HUD) Community Development Block Grant (CDBG), the Illinois 
General Assembly state funds, and through general revenue funds set aside by the Village of 
Shorewood. There were two distinct residential acquisition projects: one predominantly funded 
through FEMA immediately following the 1996 flood and one solely funded by village general 
fund revenues after subsequent flooding. Both buyout initiatives were led by strong local 
advocates who were willing to champion the projects throughout the process and coordinate 
building inspections, damage assessments, and appraisals and navigate the overall bureaucracy 
of local, state, and federal regulations, all while keeping the community informed. 
3.1.1. Initial/1996 Buyouts 
Following the 1996 floods and resulting federal disaster declaration (DR-1129), the 
Village of Shorewood decided to apply for a FEMA HMGP grant to acquire 43 damaged homes. 
The village president had appointed an Ad Hoc Flood Committee composed of impacted 
residents and village staff. According to the after-incident staff report, the Ad Hoc Flood 
Committee “…made all the difference in the world in gaining the trust and cooperation of all of 
the residents.” Having the committee “…helped greatly in controlling misinformation…” with so 
many constantly moving and confusing pieces, including property surveys, elevation certificates, 
revised appraisals, and legal paperwork, all collected and coordinated while emotions were high. 
Once the FEMA grant was approved, the village decided to use a portion of the grant’s 
administrative dollars to hire a flood grant administrator, not having enough staff on hand to 
facilitate the grant process timely to best aid the residents who were living in limbo. The creation 
of the position helped in the day-to-day facilitation of the grant process, and residents felt that 
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they had an “…advocate in dealing with the complex issues that arise in the implementation of 
the grant” (Hoehn). 
By May 1999, the mitigation project was 100 percent complete, including acquisition, 
demolition, return to green space, and grants close-out. The village purchased a total of 43 
residences and two vacant lots. The following provides a brief overview of the grants and funds 
pieced together like a jigsaw puzzle to complete the mitigation buyout project. 
Federal Emergency Management Agency (FEMA) ($2,689,817.16) – The agency provided up to 
75 percent of the funds administered through the Illinois Emergency Management Agency 
(IEMA). The village was required to identify a source(s) for the remaining 25 percent. Those 
homeowners with flood insurance were eligible for the same buyout deals as those without flood 
insurance. The village decided to use a portion of the HMGP administrative dollars to hire the 
flood grant administrator to facilitate the grants process more efficiently. 
Will County ($681,189.85) – The Will County Community Development Block Grant office 
(CDBG), funded through the U.S. Department of Housing and Urban Development (HUD), 
provided a portion of the matching 25 percent non-federal cost share.  
State of Illinois ($200,000) – The State of Illinois General Assembly, through General Revenue 
funds, provided a portion of the matching 25 percent non-federal cost share.  
One complication worth noting is that the initial appraisal undervalued some of the 
homes, discounting the pre-flood fair market value by a set percentage due to location in the 
floodplain. The reduction was not readily apparent, requiring back-and-forth discussions among 
the contracted appraiser, the village, and homeowners. A second round of appraisals was 
conducted for some of the homes, and a few residents paid for their own appraisal. Another item 
of note is that even with an effective dedicated grants administrator, the process involved 
balancing innumerable costs and resulted in a misallocation, requiring the village to repay FEMA 
for overdrawn funds. The grant-eligible project costs included services, fees, governmental fee-
waivers, duplication of benefits, and reimbursements. When the final numbers were sorted out, 
the village had to return about $70,000, only to turn around and request $16,000 back after the 
state performed a final audit.  
3.1.2. Village Buyouts 
Starting in 2008, the village began acquiring the remaining flood-prone properties when 
approached by the owners. One homeowner expressed to the village board their interest in 
selling. Then through word of mouth, many of the remaining residents in the high-risk 
neighborhood approached the village one at a time and of their own initiative over the next two 
years. The village avoided artificially raising home values by waiting for homeowners to 
approach them with independent appraisals. In 2003, following a foreclosure, the village 
acquired one other residence comprising three lots. 
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The buyouts were fully paid for through the village general fund, totaling $2,369,550 (in 
U.S. 2020 dollars). According to Kurt Carrol, a former village administrator, the village had 
strategically borrowed before the recession and set aside money to be available for capital 
projects, like the buyouts. Then, through impact fees collected from flourishing new suburban 
development prior to the recession, additional capital improvement dollars were set aside, 
totaling a little over $1 million.  
The village did not receive negative feedback from the community about using village 
general funds to expand the buyout program to remaining at-risk homes. This can be partially 
attributed to the following: 
• The acquisition of properties immediately following the 1996 flood had already proven to 
be worthwhile by avoiding personal losses and municipal costs including emergency 
services and public works efforts. 
• A memorial to the victims of the 1996 flood was installed at Little Coyote Park, a park 
constructed on the land of acquired homes from the initial buyout program. The memorial 
serves as a visual reminder to the community and visitors traveling the DuPage River 
Trail about the enduring impacts to affected residents.  
• The village did not actively pursue acquiring the remaining at-risk homes, but instead 
created the opportunity for residents to seek the village’s financial assistance on their 
own and to more gradually come to terms with vacating their homes while gaining 
information about the fair market value of these homes.  
• The village board and village administrator were vocal advocates about the need to 
provide an option for at-risk residents to relocate from the floodplain, while also 
advancing the goals stated in multiple plans to enhance the river corridor as an amenity 
for the community and visitors. 
 Prior Plans and Existing Local Resources 
Complementary plans, policies, and land-use regulations can help mitigate the impacts of 
natural disasters by linking hazard mitigation to other land use activities, emergency response 
strategies, and community priorities. The plan development and policy-making process involves 
extensive community participation and ideally results in community buy-in. The following is a 
list of existing plans, reports, studies, and local planning tools and finance mechanisms for the 
Village of Shorewood. The synergies in these various plans and resources from multiple 
disciplines help to manage current and future flood risk while embracing the DuPage River as 
the “heart” of the community.   
Will County County-Wide All Hazard Mitigation Plan (2013), Will County. At the time of 
this publication, the 2013 hazard mitigation plan was being reviewed and updated. The purpose 
of the plan is to reduce the impact of hazards countywide and is designed to meet the 
requirements of the Federal Disaster Mitigation Act of 2000 to be eligible for mitigation grant 
funding. This plan includes specific mitigation strategies that would benefit Will County, 
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including Shorewood, if implemented. Some of the most impactful strategies keeping 
Shorewood in mind are: 
• Mitigation Action #11: Participate in aspects of the 
Community Rating System (CRS) to further reduce flood 
damage in the communities of Will County. The CRS is 
part of the National Flood Insurance Program and can 
provide discounts of up to 45 percent off flood insurance 
premiums for residents of communities that participate. 
The Village of Shorewood already implements many 
CRS-approved activities that reduce flood losses, 
improve individual structures’ insurance ratings, and 
regularly promote risk awareness. By joining the CRS, the good work Shorewood has 
already carried out would be recognized and would reward the residents with flood 
insurance rate reductions. 
• Mitigation Action #12: Integrate Flood Hazard Mapping Program updates with 
improved county-wide GIS capabilities. Updated floodplain studies, FEMA Discovery 
Risk Mapping, Assessment, and Planning results, gage data, buyouts, watershed plans, 
U.S. Census data, zoning maps, etc. should be integrated on the county GIS platform to 
inform local policy-makers, residents, and businesses when making land use decisions 
and plans. 
• Mitigation Action #13: Utilizing GIS, develop and maintain a county-wide database of 
flood-controlled areas, purchased flood plain properties, and flood prone properties to 
be acquired. This LAS report will provide a current database of all acquired flood-prone 
properties in Shorewood and can be a GIS base for future long-term mitigation planning, 
watershed planning, and economic development. 
• Mitigation Action #16: Increase open space and conservation easements, as well as 
incorporate natural features, in high flood hazard areas throughout the County. 
Shorewood has actionable plans (e.g., recreation plan, corridor study, watershed plan) 
that connect the natural features and functions of floodplains to needed conservation 
easements. As Shorewood continues to grow and develop, a purposeful eye must be kept 
on new development and further expanding open space requirements in former 
agricultural areas to anticipate future stormwater needs, while also considering climate 
change variability. 
• Mitigation Action #17: Continue to capitalize on opportunities to acquire, relocate, or 
elevate flood prone properties. Shorewood has identified remaining flood-prone 
properties in other community plans, with the intention of acquiring and repurposing the 
DuPage River corridor to attract residents and visitors to the river’s amenities while 
reducing risk. 
• Mitigation Action #24: Develop a “Post-Disaster Recovery” ordinance and planning 
document to prepare communities for an orderly recovery operation. In the event of a 
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future flood, a Shorewood post-disaster recovery plan and regulatory ordinance would 
create a chartered path forward to advance already identified goals and steps to further 
reduce risk during and following a disaster. Not only would the ordinance regulate 
recovery efforts, but it could also lay the groundwork for future acquisitions and policy 
decisions aligned with existing long-term plans when questions of rebuilding are posed. 
2018 Towne Center Plan Update & Core Area Plan, Village of Shorewood, IL (2018), 
Ginkgo Planning & Design, Inc. This plan is an update 
to the previous village redevelopment plans in response 
to changing market trends. The document is a concise, 
graphic, and user-friendly roadmap for two key areas in 
the Village of Shorewood: the Towne Center and the 
Tax Increment Financing (TIF) Core Area. The TIF 
Core Area provides the opportunity to define a 
riverfront core with a strong focus on redevelopment 
and infrastructure investments.  
River Front Master Plan Shorewood Illinois (2010), Hitchcock Design Group. The plan 
includes a riverfront study across the stretch of the DuPage River in Shorewood and a corridor 
study specific to the area where Route 59, Route 52, and the DuPage River intersect. This 
corridor area is where many buyouts occurred. The plan’s “core purposes” that were identified 
throughout the plan development process further promote conservation of the natural riverine 
features and functions while engaging the community.  
• Preserve and protect the natural resources along the DuPage 
River, including water quality, erosion control, habitat 
development, tree preservation/replacement, and general 
education and stewardship of these resources. The hope is to 
grow conservationists of future generations by immersing 
visitors in the beauty of the river. 
• Develop a guide for development and improvements… 
promoting a strong identify for the Village but balancing 
realistic expectations of the development community. 
• Engage the community along the way at every interval. The 
plan will not be functional if it is not supported by leadership, staff, and the citizens of 
Shorewood. 
• Align planning efforts with efforts already underway, such as working together with 
partners of the DuPage River Trail to advance this regional link. 
Shorewood Illinois Park Facility Study and Land Acquisition Plan (2007), Hitchcock Design 
Group. The study and five-year plan were commissioned by the village board to understand how 
to provide appropriate open space and parks for its residents as the village grows. The goal of 
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this study was to enhance the quality of life by using resources wisely, identifying acquisition 
opportunities, and redeveloping existing facilities. It focused on the areas along the DuPage 
River impacted by the 1996 flood, focusing on the potential amenities of a riverwalk and trail 
system along “an aesthetic and pristine river.” 
DuPage River, Illinois, Feasibility Report and Integrated Environmental Assessment 
(2019), U.S. Army Corps of Engineers (USACE) in partnership with the DuPage County, Illinois 
Stormwater Management Planning Committee and the Will County, Illinois Executive Office 
and in coordination with the Illinois Department of Natural Resources (IDNR). This study was 
completed to investigate overbank and backwater flooding along the DuPage River and its major 
tributaries, which are tributaries to the Illinois River. High-risk areas were a priority, and a range 
of possible structural and nonstructural alternatives were developed to address flood risks. 
Lower DuPage River Watershed Plan (2011), The Conservation Foundation. This watershed 
plan covers the DuPage River mainstem and its tributaries and was developed in partnership with 
the Lower DuPage River Watershed Coalition, municipalities in the watershed, and the Will 
County Forest Preserve District. The goal of the plan is to protect and manage the watershed 
health. Recommendations include implementing best management practices (BMPs) on 
agricultural land, in urban areas, and through updates to policies and regulations. 
Flood Insurance Study Will County, Illinois (2019), Federal Emergency Management Agency 
(FEMA). The Flood Insurance Study (FIS) was recently revised on February 15, 2019. The 
previous FIS was revised on March 17, 2003. For this 2019 revision, the USACE 2004 Upper 
Mississippi River System Flow Frequency Study (UMRSFFS) of the Des Plaines River was 
incorporated, providing new floodplain delineation of the reach extending from the downstream 
county boundary upstream to the Brandon Road Lock and Dam. This study does not supersede 
the effective study for the reach of the Des Plaines River upstream of the Brandon Road Lock 
and Dam. The 2019 FIS includes updated Flood Insurance Rate Maps (FIRMs) for Will County, 
Illinois. 
Discovery Report: Des Plaines River Watershed (2014), Federal Emergency Management 
Agency (FEMA), HUC #07120004 (2014b). As part of its Risk Mapping, Assessment, and 
Planning (Risk MAP) Program, FEMA completed a ‘Discovery’ phase for the Des Plaines HUC-
8 level watershed, which includes the DuPage River watershed. The discovery included a review 
of existing data and its status through input and coordination with community, state, and federal 
officials. FEMA collected and documented current and historic flood-related data to assess flood 
risk in the watershed and summarized areas of high flood risk and areas of data or study needs. 
The Discovery Report informs prioritization of future FEMA efforts for model and mapping 
updates within the watershed. 
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Flood-inundation Maps for the 
DuPage River from Plainfield to 
Shorewood, Illinois (2013), U.S. 
Geological Survey (USGS). Digital 
flood-inundation maps for a 15.5-mile 
reach of the DuPage River from 
Plainfield to Shorewood, Illinois were 
created by USGS. The maps depict 
estimates of the areal extent of flooding 
corresponding to selected water levels 
(gage heights or stages) at the USGS 
stream gage at the DuPage River in 
Shorewood (station number USGS 05540500). The report was prepared in cooperation with the 
Will County Stormwater Management Planning Committee to support flood forecasting and 
response activities.  
4. Site Selection and Data Collection 
 Site Selection 
The Illinois State Water Survey (ISWS) selected this study area in Shorewood after: 
• Reviewing the Illinois Statewide Property Buyout Database for clusters of buyouts that 
occurred in locations near a stream gage. 
• Identifying the current status of detailed floodplain studies. 
• Confirming the mitigation projects were completed and restored to green space. 
• Confirming subsequent flood events were recorded at the river gage since the completion 
of the property buyouts. 
After the 1996 flood along the DuPage River, 43 homes in Shorewood qualified for the 
FEMA Hazard Mitigation Grant Program (HMGP) buyout, with a second wave of municipal-
funded buyouts resulting in an additional 13 homes mitigated. This study provides a 
comprehensive documentation of losses avoided using quantitative methods. This report also 
describes a reproducible and verifiable methodology, ensuring that the results are meaningful 
and defensible. 
 Data Collection 
Effective and meaningful LAS reports were developed using data collected in the field in 
combination with measurements, structural information, and historical data obtained from any 
one of several local, state, and/or federal websites and agencies.  
A site visit was conducted in mid-February 2020. This trip allowed interviews and 




Hoehn, the administrator of the 1996 FEMA grant, and Kimberly Anderson, the Troy Township 
assessor. Original files from the 1996 structure acquisitions were reviewed and scanned to add to 
project files. Archived property cards of the 1996/1997 acquired properties were made available 
by the township assessor and added to the project files. These community resources provided 
invaluable data for the completion of this project, as well as a first-hand look at what it takes for 
a community to successfully administer a FEMA grant and follow through with a large-scale 
property acquisition and demolition project. 
Stream gage data (USGS 05540500 - DuPage River at Shorewood), National Climatic 
Data Center (NCDC) historical data, and FEMA disaster declaration information were also 
available for the damage event dates since the buyouts occurred. As the data elements for 
completing an LAS are similar to the Hazard Mitigation Assistance (HMA) program 
requirements, some of the required data may be available in the HMA project file. The FEMA 
Flood Insurance Rate Map (FIRM) and the accompanying Flood Insurance Study (FIS) dated 
February 19, 2019 as well as any Letters of Map Revision (LOMRs) or Conditional Letters of 
Map Revision (CLOMRs) are available from the FEMA Map Service Center (MSC). The 
original hydrologic and hydraulic models are also available from the FEMA Engineering 
Library. A paper copy of the regulatory FEMA HEC-2 model for the DuPage River was 
available for this study (USACE, 1991). 
Topographic information is necessary to perform a flood boundary and flood depth 
analysis and for building modification projects in which the elevation of the building (first floor 
elevation [FFE]) is unknown and must be estimated. The level of data needed varies based on 
how the data will be used. In general, the more detailed the topographic data, the more 
confidence can be given to the analysis. The topographic data were used in conjunction with 
cross section geometry from the regulatory HEC2 model to create an executable hydraulic model 
for the analyses. 
For this analysis, the topographic data used were based on lidar data acquired by 
Quantum Spatial in 2014 for Will County and the Illinois Height Modernization program 
(Quantum, 2014). The dataset is 1 point per square meter (ppsm) lidar point cloud data. 
However, after processing, the dataset satisfies 2 ppsm and Quality Level 2 (QL2) data. QL2 
lidar data ensure that point data and derivative products are suitable for 3DEP and the standard 
national DEM. DEM and lidar point data are available through the Illinois State Geological 
Survey (ISGS, 2014). 
 Building Inventory 
A structure-based risk assessment requires a GIS point-based building inventory. The 
information collected for each structure included, but was not limited to, parcel identification 
number, address, flooding source, building occupancy class, foundation type, number of stories, 
demolition date, and the square footage of the structure. 
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For an accurate loss analysis, it is important to have a GIS dataset that most accurately 
represents the structures that were acquired and removed from the floodplain. The geographic 
location is important because the location of the home would impact flood inundation and 
damages estimated for that structure. Structure characteristics such as foundation type and 
building material are also critical in accurately estimating flood damages since those 
characteristics impact the depth damage function used. 
4.3.1. Placement of Mitigated Structure Points 
Once the list of structures acquired in the Shorewood study area was finalized, a GIS 
point feature class was created. Each acquired home was represented as a point in this feature 
class. Points were placed using a combination of historical aerial photography and annotated tax 
maps. The historical tax maps were used because many of the parcels that existed in 1996 had 
been modified after the buyouts were completed. In some cases, multiple individual parcels had 
been merged into one larger parcel in areas that had been converted into parks. Other parcels 
maintained their original geometry, but the Parcel Identification Numbers (PINs) and lot 
numbers had been changed. This represented an obstacle as each of the buyout properties still 
referenced the original PINs and lot numbers. The historical tax maps containing the geometry, 
PINs, and lot numbers of the 1996 parcels were georeferenced on top of the current GIS parcel 
layer. Points could then be placed by matching the lot numbers associated with the buyout 
structures with those on the historical tax maps. Historical orthophotography was used to further 
refine the location of the structure on the original parcel.  
The depth of flooding used for the loss analysis was taken from the depth grid cell that 
the structure point intersected. However, some adjustments were necessary for structures with 
footprints not fully covered by the depth grids, showing partial inundation. Figure 7 shows an 
example of a partially inundated structure for which the point representing the structure in the 
analysis was adjusted to intersect the flood depth grid. These structure points were relocated 




Figure 7. Inundation map adjusted for depth grid partial intersection of structure 
4.3.2. Building Attributes for Loss Analysis 
Although most of the information required for a flood loss analysis was provided by Troy 
Township, some needed to be derived by other means.  
The following is a brief description of the method used to populate each field. 
Building Replacement Value (BRV): Building replacement value represents the cost to 
replace the building with a functionally equivalent building of the same size, based on the 
current cost of labor and materials (FEMA, 2009). Values were derived based on industry 
standard cost-estimation models published in Means Square Foot Costs (Means, 2018) 
and taken from the Hazus 4.2 general building stock database. Appendix 3 shows the 
values used. The Means Square Foot Cost provides a dollar value per square foot based 
on the occupancy and occupancy subclass of the structure. Multiplying the square footage 
by the Means Square Foot Cost value provided an estimate of the replacement cost and 
the cost to repair damage to the structure. Values were converted to 2020 U.S. dollars 
using U.S. Bureau of Labor Statistics Consumer Price Index values (U.S. Department of 
Labor, 2020).  
Content Cost: This field represents an estimate of the value of structure contents, which 
is calculated by multiplying the BRV by a content cost factor (CCF) of 0.5, 1, or 1.5. The 
CCF is determined by the occupancy class of the structure. CCF values for each 
occupancy class are included in Appendix 3. As all buyout properties were residential, a 
CCF of 0.5 was used.  
Square Footage: Square footage was provided by Troy Township for most structures. In 
cases where it was not, values were estimated by using GIS software to measure the 
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building footprint of the structure in historical orthophotography. The number of stories 
of the structure was factored in when making these estimates. 
Number of Stories: These values were derived from data provided by Troy Township. 
Missing records were given a value of one story. 
Year Built: Most of these values were provided with the Troy Township data. When this 
value was not available, an estimate based on the year built of adjacent structures was 
used.  
Foundation Type: Most of these values were provided with the Troy Township data. If 
there was no foundation type available, a default value of slab was used.  
First Floor Height: The first floor height was attributed using recommendations found in 
the Hazus Flood Technical Manual (FEMA, 2012), which are based on the foundation 
type of the structure. These values are shown in Table 4. The year a structure was built is 
the basis for whether the Pre-FIRM or Post-FIRM value is used. Typically, Post-FIRM 
values are used for structures built in 1970 or later. 








Pile 7 8 
Pier (or post and beam) 5 6 
Solid wall 7 8 
Basement (or garden level) 4 4 
Crawlspace 3 4 
Fill 2 2 
Slab 1 1 
5. Flood Hazard Analysis 
   Storm Event Analysis 
The storm event analysis determines the storm events that could have caused damage to 
the acquired structures. Three types of gage data can be used in the storm event analysis: stream 
gage stage data, stream gage discharge data, or precipitation gage data. The method used for the 
analysis varies depending upon the type of gage data available (FEMA, 2008). The Shorewood 
analysis used stream gage stage data and stream gage discharge data. 
5.1.1.   Hydrology 
A USGS stream gage (05540500) is located just upstream of the Shorewood Dam 
(approximately 600 feet upstream of Jefferson Street) on the DuPage River and was used for the 
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Figure 8. USGS stream gage 05540500 during 1996 flood incident 
5.1.2. Hydraulic Analysis 
A hydraulic analysis was performed to determine the water surface elevation (WSE) at 
locations of interest for the study area. The peak flows determined in the storm event analysis 
were used as input to the hydraulic modeling. The hydraulic model was used to estimate WSEs 
at a series of cross sections for the flood events of interest. A hydraulic model for each event 
may not be necessary if available WSE profiles developed from existing hydraulic models are 
sufficient to determine the WSE for the storm events of interest (FEMA, 2010b). 
Since the buyouts occurred across a 1-mile reach of the DuPage River, which includes 
several bridge structures, it was determined that a hydraulic model would produce the most 
accurate peak flood inundations and depth grids across the buyout reach. The regulatory FEMA 
HEC-2 (USACE, 1991) model for the DuPage River was available in a printout (non-executable) 
format. The buyout reach contained about a dozen cross sections. 
HEC-RAS 5.0.7 (USACE, 2016) was used to replicate the regulatory cross sections based 
on the FEMA NFHL S_XS feature class. The HEC-2 cross section data were entered manually 
into each cross section to duplicate the regulatory model in HEC-RAS.  Structures for Jefferson 
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Street, Cottage Street, and a footbridge were added manually based on the data available in the 
HEC-2 model. The cross section overbank topography was extracted from the 2014 Will County 
lidar data. Also, an inline weir was added upstream of Jefferson Street to model the Shorewood 
Dam. The weir crest elevation was estimated from the 2019 FIS profile and from the USGS gage 
rating curve.  
The HEC-RAS model was calibrated to the USGS rating curve by adjusting the channel 
and overbank Manning’s “n” values. The calibrated model rating curve is within 0.25 feet of the 
USGS gage rating curve for all flows in the rating curve range. Figure 9 shows the comparison of 
the model and gage rating curves. 
 
Figure 9. Comparison of model and gage rating curves 
After the model was calibrated, the selected USGS gage peak flows from the Storm 
Event Analysis, ranging from 1996 to 2020, were entered into a steady flow file in HEC-RAS. 
The 1996 flood was the flood of record at the gage. A 2013 flood was the next largest flood of 
record. The modeled peak elevations for each year at the gage were compared to the peak stages 
observed at the gage. In general, most modeled events were within 0.5 feet of the observed event 
at the gage location. Table 5 shows the summary of observed peak flows and elevations along 
with the modeled peak elevations at the gage location for DuPage River. 
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1996 17300 14.03 578.35 578.36 -0.01 
1997 7100 9.14 573.46 572.71 0.75 
1998 3470 5.83 570.15 569.96 0.19 
1999 4680 6.99 571.31 570.74 0.57 
2000 3740 6.08 570.4 570.11 0.29 
2001 4240 6.56 570.88 570.43 0.45 
2002 5010 7.32 571.64 570.98 0.66 
2003 2070 4.53 568.85 568.96 -0.11 
2004 3840 6.17 570.49 570.17 0.32 
2005 3800 6.13 570.45 570.14 0.31 
2006 1870 4.27 568.59 568.79 -0.2 
2007 5310 7.61 571.93 571.25 0.68 
2008 9440 9.94 574.26 574.34 -0.08 
2009 7310 8.56 572.88 572.86 0.02 
2010 5380 7.2 571.52 571.31 0.21 
2011 5380 7.2 571.52 571.31 0.21 
2012 2100 4.46 568.78 568.99 -0.21 
2013 13100 11.54 575.86 576.33 -0.47 
2014 2970 5.28 569.6 569.68 -0.08 
2015 4960 6.8 571.12 570.96 0.16 
2016 3080 5.32 569.64 569.75 -0.11 
2017 7540 8.49 572.81 573.04 -0.23 
2018 7400 8.61 572.93 572.94 -0.01 
2019 7920 8.81 573.13 573.29 -0.16 
May-20203 9010 9.51 573.83 574.01 -0.18 
1Water Year = October 1–September 30 (e.g., October 15, 2007 = Water Year 2008) 
2Gage datum = 564.32' (NAVD 88) 
3Analysis was performed before the end of Water Year 2020 and event may not reflect annual maximum 
The model produces a close representation of the annual peak flood events for DuPage 
River in Shorewood at the gage; therefore, the flood inundation and depth grid results for the 
buyout reach are a close representation of the flooding that occurred. The flood elevation results 
for each event from the model are used to produce depth grids for each flood event. The flood 
depth grids are used to perform the loss avoidance analysis. 
A flood depth grid is GIS-formatted data that represent the extent and depth of flooding 
for a given flood event. A 2-foot cell size depth grid was created based on the peak flow event 
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for each water year from 1996 to 2020. Terrain data consisted of a Digital Elevation Model 
(DEM) derived from 2014 Will County lidar data (ISGS, 2014). For maps showing depth grids 
of the 17 damaging flood event scenarios and their impact on acquired structures, see Appendix 
5. 
6. Calculating Losses Avoided 
The final phase of an LAS consists of a loss estimation analysis, in which the value of the 
losses avoided are estimated, based on the effectiveness of the mitigation project in storm events 
since the study baseline. 
The loss estimation categories included in this analysis are: 
• Physical Damage: building damage, content damage;  
• Loss of Function: displacement expenses, disruption time for residents; 
• Nontraditional Benefits: avoidance of mental stress and anxiety, loss of productivity, and 
environmental benefits. 
For this project, certain loss categories were not estimated because of a lack of data or a 
lack of an accepted approach, and the risk of double counting or overestimating losses avoided. 
The risk of double counting or overestimating benefits increases greatly when total losses 
include a mixture of actual losses and those derived from standard damage functions. In this 
project, the losses were derived from standard damage functions.   
 Physical Damage 
When performing an LAS for a building modification project, the physical losses avoided 
must be calculated.  
 To calculate physical damages, a python script tool developed by the Oregon Department 
of Geology and Mineral Industries (DOGAMI) was used. This tool uses the methodology 
developed for FEMA’s Hazus Flood Model User Defined Facility (UDF) analysis, but offers a 
more streamlined 
performance (Bauer, 2018). 
A Hazus flood analysis has 
three general levels, as 
identified in Figure 10. The 
equivalent of an advanced 
Level 2.5 analysis was 
performed for this LAS by 
incorporating the building 
inventory and modeled 
flood depth grids detailed 
earlier in this report. Figure 10. Three levels of a Hazus flood analysis 
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 The DOGAMI script analyzes each structure using depth-damage functions (DDF) 
provided by the USACE. The characteristics of each structure determine which DDF is used to 
calculate damages. Losses are estimated by assigning a damage percentage to the structure based 
on the depth of water at that location. For example, if a structure with a building replacement 
value (BRV) of $100,000 is determined to be 50 percent damaged by the DDF, then the 
DOGAMI script would show $50,000 worth of damage/losses to said structure.  
 The depth of water inside the structure is based on the depth grid and the first finished 
floor height. An example depth-damage function curve is shown in Figure 11. The curve shows 
the estimated percent of damage to a structure based on the depth of flooding above the first 
finished floor. Therefore, negative flood depths (flood elevation below the first finished floor) 
can still damage structures. 
 
 
Figure 11. Depth-damage function curve 
6.1.1. Building Damage 
Building damage represents damage to the physical structure. As stated above, damage is 
estimated by using the GIS building inventory, the extent and depth of flooding taken from the 
modeled flood depth grid for each flood event, and the application of a depth-damage function 
(DDF) through the DOGAMI tool.  
A damage percentage derived from the relevant DDF is applied to the BRV of the 





6.1.2. Contents Damage 
Contents represent the value of the items inside of the structure (sofa, refrigerator, etc.) 
The value of the contents is calculated by multiplying the BRV of the structure by a content cost 
factor (CCF). For residential structures, content value is estimated as 50 percent of the BRV of 
the structure.  
The damage loss to contents is estimated in a similar way to building losses. A damage 
percentage determined by the DDF is multiplied by the content value of the structure to estimate 
the economic loss of the contents.  
 Loss of Function 
Loss-of-function damage is the economic impact to an individual or a community that 
has experienced the riverine flood event. When a building or infrastructure is damaged, its 
normal function is interrupted. Loss-of-function damage can vary widely depending on the type 
of buildings or infrastructure damaged. 
For the Shorewood LAS study, loss of function was estimated by calculating 
displacement and disruption costs that residents of the acquired structures may face.  
6.2.1.  Displacement Costs 
Displacement costs are the expenses for a resident, business, or service to be relocated 
because of a disaster. This cost can include the rent for temporary living space and the increased 
cost of meals living in a temporary location. The higher the severity of the flooding, shown by 
deeper flooding depths, the longer that residents and families may be displaced from their homes 
due to more severe sustained damage. 
In order to estimate displacement costs, which for this analysis include the cost of 
temporary lodging and the increased cost of meals, the number of people per household needs to 
be found or estimated first. Primary sources listing residents in each household were not found, 
so U.S. Census data were used to estimate the number of people per household. The 2014–2018 
U.S. Census Bureau American Community Survey (ACS) data estimated the average number of 
people per household in Shorewood, Illinois, was 2.93 people (Census, 2020b). 
The 2019–2020 U.S. General Services Administration (GSA) per diem rate for meals in 
Will County, Illinois, is $56 per day, and the daily lodging rate is $106 per day (GSA, 2020). As 
found in the FEMA BCA Toolkit v 6.0 (2019b), the estimated cost of eating at home according 
to the USDA is $7 per person per day. The rate of $7 per day is subtracted from $56 per day to 
estimate the additional cost of having meals while displaced, which gives a rate of $49 per 
person per day. This rate is then multiplied by 2.93, the average number of people living in the 
residence, bringing the total meal cost per day per household to $143.57. The total for daily 
meals per household ($143.57) is added to the total daily lodging rate ($106) for a total daily 




To estimate the total cost of displacement, the flood depth grid provides a depth to which 
each structure is flooded above the first floor. This flood depth is applied to a depth-damage 
function (DDF) to estimate how long a family would be displaced from their home during a 
flood event. See Appendix 3 for the DDF and equations. 
For example, an inundation depth above the first floor of 0.33 feet would have displaced 
the family for 14.85 days at an average daily displacement cost of $249.57 per day ($249.57 x 
14.85 days) or a total displacement cost of $3,706.11. 
6.2.2. Disruption Costs 
Disruption costs are the estimated time that residents lose while dealing with the impacts 
of flooding in their home. Lost time can be incurred by individuals who must take pre-disaster 
preventive measures, clean up or repair damage, manage insurance claims, or deal with other 
disaster-related matters. The basic economic concept is that personal time has value, regardless 
of formal employment compensation. One hour of leisure time is assumed to be equal to one 
hour of work because the “opportunity cost” of a leisure hour is equal to the wage earned for an 
hour of work time. (FEMA, 2011) 
Although the FEMA modules do not provide a standardized curve, according to the 
FEMA Loss Avoidance Study: Sonoma County, California Elevated Structures (2008), a training 
course provided at the Emergency Management Institute (EMI) and provided in the 2005 
Mitigation BCA Toolkit, the estimated disruption time is 40 hours plus an additional 8 hours for 
every 1 percent of damage to the structure for each adult in the household. An estimate such as 
this, or one based on local historical information, can be used to create an appropriate curve for 
disruption time (FEMA, 2008). 
Using this approach, disruption time and costs were calculated with the following equation: 
𝐹𝐹𝐹𝐹𝐹𝐹 𝑠𝑠𝑠𝑠𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐹𝐹𝑠𝑠𝑠𝑠 𝑤𝑤ℎ𝑠𝑠𝐹𝐹𝑠𝑠 𝑓𝑓𝑓𝑓𝐹𝐹𝐹𝐹𝑓𝑓 𝑓𝑓𝑠𝑠𝑑𝑑𝑠𝑠ℎ 𝑎𝑎𝑎𝑎𝐹𝐹𝑎𝑎𝑠𝑠 𝑓𝑓𝑓𝑓𝐹𝐹𝑠𝑠𝑠𝑠 𝑓𝑓𝑓𝑓𝐹𝐹𝐹𝐹𝐹𝐹 > 0 𝑓𝑓𝑠𝑠 
𝐷𝐷𝑓𝑓𝑠𝑠𝐹𝐹𝑠𝑠𝑑𝑑𝑠𝑠𝑓𝑓𝐹𝐹𝐷𝐷 𝐶𝐶𝐹𝐹𝑠𝑠𝑠𝑠 = ((40 + (8 𝑥𝑥 𝐵𝐵𝐷𝐷%)) 𝑥𝑥 𝑅𝑅𝑅𝑅𝑅𝑅) 𝑥𝑥 𝐴𝐴𝐴𝐴𝑅𝑅 
 
Where: 
BD% = Building Damage Percentage 
RES = Number of residents per structure 
AHR = Average Hourly Rate 
 
The U.S. Bureau of Labor and Statistics (US BLS) County Employment and Wages in 
Illinois: Fourth Quarter 2018 listed the average weekly wage in Will County, Illinois as $961. 
Using the weekly wage to calculate an hourly wage, with the average full-time work week being 
40 hours, provides a value of $24.03 per hour, $24.53 in 2020 dollars. The hourly rate was 
converted from December 2018 to April 2020 dollar values using the BLS CPI Calculator (US 




Based on U.S. Census Bureau data from the 2019 American Community survey, the 
average household in Shorewood, Illinois has 2.93 people. From the same study, approximately 
75.3 percent of the population is above 18 years old. Therefore, it was assumed there were two 
adults per household.  
For example, a structure with 52 percent estimated building damage would have a 
disruption time of 465 hours per adult and, with an hourly rate of $24.53, the total daily 
disruption cost per adult is $11,185.68. With two adults per structure, the total daily disruption 
cost per household is $22,371.36. 
 Non-Traditional Benefits 
In addition to direct losses avoided from flooding due to mitigation measures, there are 
other benefits to completing acquisition projects. For this analysis, the avoidance of mental stress 
and anxiety and the loss of productivity due to mental illness are factored into the loss avoidance 
calculations. 
Another advantage to removing the homes from the floodplain is the environmental 
benefits. However, since these are considered benefits and not losses avoided, they are not 
included in the final loss avoidance ratio calculation but are still discussed for consideration in 
the overall findings and factored into the return on investment calculation. 
6.3.1.  Mental Stress and Anxiety 
Accounts of the psychosocial impacts of flood events suggest that they can have 
significant effects on people’s wellbeing, relationships, and mental health. Flooding can pose 
substantial social and welfare problems that may continue over an extended time not only 
because of  the flood (the primary stressor) but also because of the secondary stressors (those 
stressors that are indirectly related to the initial extreme event, i.e., economic stress associated 
with re-building or relocating) that arise as people try to recover their lives, property, and 
relationships. Flooding can challenge the psychosocial resilience of the hardiest of people who 
are affected (Stanke et al., 2012). 
“I suffered terrible insomnia, but I got over it. People that were brought 
up there knew what old Shorewood was; memories… and we would live 
in that river, all day. Our kids will still drive down there…I had my old 
flower gardens through there, but I don’t miss it now. I thank god every 
day that because of that flood that we got out. We would have lost 
everything; we wouldn’t have been able to sell.” 





People can experience acute and chronic psychological 
problems such as stress, exhaustion, nightmares, depression, and 
despair following a disaster. Through interviews with current (and 
former) Shorewood residents, it is evident that flooding, 
especially repeated flooding, has an impact on mental health. 
Unfortunately, little research has been conducted on the economic 
impact of these problems. However, the FEMA benefit cost 
analysis (BCA) approach, updated in 2014, includes an estimate 
of the economic impact of these issues. This analysis uses values 
from the FEMA BCA Toolkit to assign an economic value on the 
mental stress and anxiety caused by flooding (FEMA, 2019b). 
Although there is a clear and definite connection between 
mental stress and disasters, calculating an economic value for 
mental stress avoided because of a hazard mitigation project is 
more complex. There is extensive research on disaster-induced 
mental health problems for both direct and indirect costs. 
Complicating matters further is the fact that mental health issues 
can be classified as “major” or “mild or moderate,” both of which 
can be tied to a natural hazard event as triggering the onset and 
can have different effects on people.  
Calculating an economic value for the impact of the onset 
of a mental illness caused by a natural hazard event requires a 
division into two separate costs: the cost of treatment and the cost 
of lost productivity. For the cost of lost productivity, see the 
following section. 
Mental Stress 
Below is an image of a plaque 
installed at Little Coyote Park as a 
memorial to the victims of the 1996 
flood. Knowing that no lives were 
lost in Shorewood and all damaged 
homes could voluntarily participate 
in the buyout program, the plaque’s 
language initially reads as 
embellished. However, when taking 
into account that an entire way of 
life was lost, and that a community’s 
identify for over a century had 
developed in relationship to the 
DuPage River, the gravity of the loss 
to multi-generational Shorewood 
families gains perspective. 
 
Picture Credit: James J. Kennedy, The Patch, 
2013 flooding of DuPage River visible in 
background 
“In this flood event, 43 homes were 
lost. The families who occupied 
them were forced from these lands 
forever. This site is dedicated to 
those families who survived but lost 
their homes.” 
 
“My dad loved fishing there and the tranquility of it. He 
would put in his 8-to-10-hour work day and come home, 
and while mom was getting dinner ready, just put his 
fishing pole in. It was a congregation spot… It [the 
disaster] takes a huge mental toll that I don’t think people 
realize. Some people say it’s just a house, but it’s a big ol’ 
house full of memories.” 
Kim Anderson, Lifetime Shorewood Resident and Current 




According to the Updated Social Benefits Methodology Report (FEMA, 2014a) the cost 
of mental health treatment following a flood is estimated at $2,740.65 per person in 2020 dollars. 
For the purposes of this study, the average household size of 2.93 was used, which estimates the 
benefits to be $8,030.11 saved in treatment costs. 
6.3.2. Lost Productivity  
Another study by Levinson et al. (2010) completed research for 19 countries to associate 
serious mental illness with earnings using the World Health Organization’s World Mental Health 
Surveys. For the United States, the findings determined that individuals with a mental health 
illness see a 25.5-percent reduction in earnings. (FEMA, 2014a) 
In all researched sources, the cost of lost productivity greatly outweighs the cost of 
treatment. A study by Insel (2009) states that 7.6 days of healthy life are lost for each person in 
the population each year and that those who suffer from a serious mental illness were found to 
have lower individual earnings by $16,306 (2003 dollars) per year versus those without such a 
mental illness. Nationwide, according to Insel, this represents an annual reduction of $193.2 
billion in reduced earnings associated with mental illness. Dividing $16,306 by 12 yields a 
monthly average productivity loss of $1,358.83, or $1,681 per month in 2012 dollars (FEMA, 
2014a). 
In order to estimate the loss of income due to lost productivity per household, the number 
of workers per household needs to be established. The FEMA BCA update study used the 
number of 1.22 workers per household from the 2014 U.S. Census data (U.S. Census, 2020a). A 
number of 1.3 workers per household was found in more recent U.S. Census information; 
however, the more conservative value of 1.22 workers per household was used in this analysis.  
According to the Updated Social Benefits Methodology Report (FEMA, 2014a), the cost 
of lost productivity is $9,799.99 in 2020 dollars per worker in each household. This analysis 
estimates the benefits to be $11,955.95 in 2020 dollars in avoided lost productivity per 
household. 
6.3.3. Environmental Benefits 
Environmental benefits accrue when a parcel’s land use is changed or enhanced by a 
mitigation effort to one that provides a higher level of natural environmental benefits, or 
“ecosystem services” benefits. For example, the change from urban land use to green space as a 
result of mitigating a structure within an acquisition/demolition project will mean improved 
environmental benefits for surface water infiltration, habitat, nutrient cycling, climate regulation, 
and other natural environmental and floodplain functions. 
Because natural systems are largely self-maintaining and tend to become more 
economically valuable over time, including ecosystem services as a project benefit yields a more 
complete picture of the entire suite of benefits—not just losses avoided—from publicly-funded 




The environmental benefit value used in FEMA’s BCA Toolkit is $8,308 per acre per 
year, which is $8,992 in 2020 dollars for areas maintained as green open space. Table 6 shows a 
summary of the types of benefits and their economic value. These values were developed for 
FEMA from peer-reviewed journals and further reviewed by professional economists for their 
validity (FEMA, 2012). For this study, we have assumed that all mitigated parcels are 
maintained as green open space. See Table 6 for the years that properties were demolished and 
considered an environmental benefit. Table 7 shows the benefit by type. 








1998 20.19 20.19 
2004 0.09 20.28 
2005 0.23 20.50 
2010 1.20 21.70 
Total 21.70 21.70 
 
Table 7. Value of environmental benefits per acre by type 
Type of Environmental 
Benefit 
Annual Economic Benefit 
per Acre (2020 dollars) 
Climate regulation $15 
Water retention/flood 
hazard risk reduction $336 
Air quality $234 
Erosion control $74 
Pollination $332 
Recreation/tourism $6,143 
Aesthetic values $1,858 
Total $8,992 
The acreage of the open parcels after each group of buyouts was calculated and that 
number was multiplied by $8,992.  
The annual benefits from this structure acquisition project totaled $4,339,726, as shown 





Table 8. Annual environmental benefits 
























1998 20.1861 $305 $6,773 $4,726 $1,500 $6,705 $124,009 $37,498 $181,515 
1999 20.1861 $305 $6,773 $9,452 $2,999 $13,409 $248,017 $74,996 $355,952 
2000 20.1861 $305 $6,773 $14,178 $4,499 $20,114 $372,026 $112,495 $530,389 
2001 20.1861 $305 $6,773 $18,904 $5,998 $26,819 $496,034 $149,993 $704,826 
2002 20.1861 $305 $6,773 $23,630 $7,498 $33,523 $620,043 $187,491 $879,263 
2003 20.1861 $305 $6,773 $28,356 $8,998 $40,228 $744,052 $224,989 $1,053,700 
2004 20.2766 $306 $6,803 $33,103 $10,504 $46,963 $868,616 $262,656 $1,228,951 
2005 20.5018 $310 $6,879 $37,903 $12,027 $53,772 $994,564 $300,741 $1,406,195 
2006 20.5018 $310 $6,879 $42,703 $13,550 $60,582 $1,120,512 $338,825 $1,583,360 
2007 20.5018 $310 $6,879 $47,503 $15,073 $67,392 $1,246,460 $376,910 $1,760,525 
2008 20.5018 $310 $6,879 $52,302 $16,596 $74,201 $1,372,408 $414,995 $1,937,691 
2009 20.5018 $310 $6,879 $57,102 $18,119 $81,011 $1,498,356 $453,079 $2,114,856 
2010 21.7014 $328 $7,281 $62,183 $19,731 $88,219 $1,631,674 $493,392 $2,302,808 
2011 21.7014 $328 $7,281 $67,264 $21,343 $95,427 $1,764,991 $533,706 $2,490,339 
2012 21.7014 $328 $7,281 $72,345 $22,956 $102,635 $1,898,309 $574,019 $2,677,871 
2013 21.7014 $328 $7,281 $77,425 $24,568 $109,843 $2,031,626 $614,332 $2,865,402 
2014 21.7014 $328 $7,281 $82,506 $26,180 $117,051 $2,164,944 $654,645 $3,052,934 
2015 21.7014 $328 $7,281 $87,587 $27,792 $124,259 $2,298,261 $694,958 $3,240,465 
2016 21.7014 $328 $7,281 $92,667 $29,404 $131,467 $2,431,579 $735,271 $3,427,997 
2017 21.7014 $328 $7,281 $97,748 $31,016 $138,675 $2,564,896 $775,584 $3,615,528 
2018 21.7014 $328 $7,281 $102,829 $32,628 $145,883 $2,698,214 $815,897 $3,803,060 
2019 21.7014 $328 $7,281 $107,910 $34,241 $153,091 $2,831,531 $856,210 $3,990,591 
2020 21.7014 $328 $7,281 $112,990 $35,853 $160,299 $2,964,849 $896,523 $4,178,123 
Total 
Benefits   $7,289 $161,923 $112,990 $35,853 $160,299 $2,964,849 $896,523 $4,339,726 
7. Loss Estimation Results and Commentary 
Loss avoidance studies compare the total cumulative losses avoided to date with the 
actual cost to acquire and demolish properties included in the study. As years pass and more 
flood events occur, the losses avoided increase.  
 Losses Avoided Compared with Total Mitigation Costs  
An acquisition typically requires a contractor to completely disconnect all utilities and 
demolish all standing structures, including the slab, where one exists. The property can then be 
repurposed to provide public land use while limiting the potential for future loss of life or 
property. After an acquisition project, typically the community holds the deed to the land in 
perpetuity and is required to maintain the area as open land. Depending on how the land is 
repurposed, be it left as an open lot or turned into a place for recreation, at a minimum there are 
maintenance costs such as moving. Those costs are not included in these calculations. The total 




records and represents funds expended. Table 9 shows the total project investment for the 
Shorewood property acquisitions over the years. 


















1997 43 $5,308,521 NA $164,909 $73,375 $118,832 $5,665,637 
2003 3 $347,528 NA NA NP NP $347,528 
2008 1 $219,524 NA NA NP NP $219,524 
2009 7 $1,397,882 $64,670 NA NP NP $1,397,882 
2010 2 $339,946 NP NA NP NP $339,946 
Total 56 $7,613,401 $64,670 $164,909 $73,375 $118,832 $8,035,187 
1Includes additional tax refunds, relocation assistance, appraisals, legal, title, and recording 
costs. 
  
1997 Acquisition cost used January 1998 to April 2020. CPI conversion factor 1.5865656.   
All values are in April 2020 U.S. Dollars.      
 Loss Avoidance Ratio and Return on Investment 
The loss avoidance ratio (LAR) is calculated by comparing the losses avoided (LA) to the 
project investment (PI) in today’s dollars. An LAR of greater than one indicates that project 
benefits have exceeded project costs and the mitigation activity is determined to be cost effective 
and performing successfully. A ratio below one indicates that mitigation benefits have not yet 
exceeded project costs. The LAR is calculated as follows:    
LA ÷ PI = LAR 
where LA = Losses Avoided in Dollars, and PI = Project Investment in Dollars. 
A ratio greater than one indicates that overall the mitigation benefits have exceeded 
project costs for the event studied.  
The ROI is calculated by adding the project benefits (B) to the losses avoided (LA) in 
today’s dollars and comparing the sum to the project investment (PI). The ROI is calculated as 
follows: 
 ((LA + B) ÷ PI) x 100 = ROI% 
where LA = Losses Avoided in Dollars, B = Project Benefit in Dollars, PI = Project Investment 
in Dollars, and ROI = Return on Investment as a percentage. 
Note: It is important to remember that while the cost of mitigation is a one-time expense, losses 
avoided and therefore the loss avoidance ratio will increase if a mitigated property is subjected to 




















$13,677,575 $8,035,187 1.70 $4,339,726 224% 
The cumulative ROI for all Shorewood acquisition properties (56) over 17 flood events is 
estimated to be 224 percent, and the cumulative LAR is 1.70. As major flood events occur in the 
future, the return on investment will continue to increase.  
 Results 
In less than 24 years since the acquisitions began, Shorewood has suffered 17 significant 
flooding events. These events would have caused nearly $14 million in damages to the properties 
that were removed, a tremendous return on investment of approximately $8 million. This return 
will only continue to increase as Shorewood remains susceptible to future flooding. Fortunately, 
because of a strong partnership between local, state, and federal officials, these 56 homes will no 
longer be susceptible to flood devastation. 
Table 10 shows the cumulative losses avoided and cumulative LAR by flood event, and 
















Table 10. Loss avoidance ratio over time 
Mitigation Investment, Loss Estimation and Loss Avoidance Ratio (LAR) by Event 


































1999 January 24, 1999 43 2 $61,200 $0 $12,052 $16,060 $23,912 $113,224 $5,665,637 0.02 
2000 April 21, 2000 43 1 $9,500 $0 $3,217 $8,030 $11,956 $145,927 $5,665,637 0.03 
2001 
February 9, 2001 43 2 $37,000 $0 $8,839 $16,060 $23,912 $231,738 $5,665,637 0.04 
October 15, 2001 43 5 $97,800 $1,797 $22,644 $40,151 $59,780 $453,910 $5,665,637 0.08 
2004 June 12, 2004 46 1 $12,200 $0 $3,601 $8,030 $11,956 $489,697 $6,013,165 0.08 
2005 January 13, 2005 46 1 $11,100 $0 $3,445 $8,030 $11,956 $524,228 $6,013,165 0.09 
2007 September 24, 2007 46 6 $132,100 $6,402 $29,000 $48,181 $71,736 $811,647 $6,013,165 0.13 
2008 
September 15, 2008 46 26 $1,062,700 $159,251 $204,017 $208,783 $310,855 $2,757,253 $6,013,165 0.46 
December 29, 2008 47 16 $488,200 $49,864 $97,649 $128,482 $191,296 $3,712,743 $6,232,689 0.60 
2010 July 26, 2010 54 6 $141,400 $7,637 $30,134 $48,181 $71,736 $4,011,831 $7,695,241 0.52 
2011 June 9, 2011 56 6 $141,400 $7,637 $30,134 $48,181 $71,736 $4,310,918 $8,035,187 0.54 
2013 April 19, 2013 56 44 $2,386,800 $524,470 $435,343 $353,325 $526,063 $8,536,919 $8,035,187 1.06 
2015 June 17, 2015 56 5 $93,300 $1,348 $22,049 $40,151 $59,780 $8,753,547 $8,035,187 1.09 
2017 
May 1, 2017 56 17 $552,000 $56,154 $109,241 $136,512 $203,252 $9,810,705 $8,035,187 1.22 
October 16, 2017 56 16 $509,300 $51,774 $100,675 $128,482 $191,296 $10,792,232 $8,035,187 1.34 
2019 May 2, 2019 56 18 $640,500 $67,384 $124,366 $144,542 $215,208 $11,984,231 $8,035,187 1.49 
2020 May 16, 2020 56 23 $933,500 $122,078 $178,085 $184,693 $274,988 $13,677,575 $8,035,187 1.70 








Table 11. Mitigation investment and loss estimation by address 
Mitigation Investment and Loss Estimation by Address 



































































Residential $152,390 $76,195 1997 1998 $72,982 1 $17,200 $6,800 $3,594 $6,403 $8,030 $11,956 $53,983 
 
 




Mitigation Investment and Loss Estimation by Address 



















































































Mitigation Investment and Loss Estimation by Address 




















































































Mitigation Investment and Loss Estimation by Address 






























































































Mitigation Investment and Loss Estimation by Address 













































Residential $164,861 $82,431 1997 1998 $179,282 7 $66,800 $25,100 $0 $29,609 $56,211 $83,692 $261,412 






































Mitigation Investment and Loss Estimation by Address 



















































Residential $250,213 $125,106 2010 2010 $157,622 1 $40,800 $24,200 $3,706 $8,368 $8,030 $11,956 $97,060 
Clark St Vacant Parcel $0 $0 1997 N/A $15,866 0 $0 $0 $0 $0 $0 $0 $0 
Meyers St Vacant Parcel $0 $0 1997 N/A $47,597 0 $0 $0 $0 $0 $0 $0 $0 





8. Value-Added Benefits of Mitigation 
This report shows that Shorewood, Illinois and taxpayers nationwide have benefitted 
from the two residential buyout programs: one funded through a combination of federal, state, 
and local sources and the other funded solely by the municipality. Loss avoidance calculations 
show that the Shorewood acquisition projects were cost-effective and beneficial, and the benefits 
will accrue over time as flooding continues. 
However, it is important to remember that not all benefits of mitigation projects can be 
neatly prepared in a table or even quantified. The benefits of mitigation extend beyond numerical 
calculations and have a major impact on the day-to-day and long-term health of a neighborhood 
and community. When mitigation projects prevent residents from experiencing further financial 
losses and remove them from harm’s way, the projects can also solidify a shared community 
vision and nurture the natural environment. 
Strengthened Ecosystem Resilience. Removing homes and other infrastructure in the project 
area contributed to the health of the ecosystem by returning the land to a more natural state, 
improving its environmentally resilient capability. According the Kurt Carroll, Shorewood’s 
former village administrator, “Not only did [the project] help and open the parklands, it also 
helped out [that] when the river would raise, we had more room for [floodwater] storage.” 
Shorewood is also actively engaged in a regional project to remove a low-head dam just north of 
the mitigation project area, further restoring the DuPage River and its nearby shores to a natural 
state.  
Sustained Neighborhood Values. After homes are severely damaged from a disaster, structures 
exist in various states of repair for a long time while insurance claims are settled and people 
decide what to do next. When homes are determined to be substantially damaged per NFIP 
minimum standards and thus may not be rebuilt depending on a community’s local regulations, 
abandonment of these homes becomes more of a possibility and a community challenge to 
manage. Most of the Shorewood homes in this report were determined to be substantially 
damaged after the 1996 flood, and because the community had adopted higher floodplain 
standards than the state minimum standards, residents were unable to rebuild. Shorewood 
“It was four stairs from our second story – FEMA warned us, it’s 
going to happen again… We called [the Village] and said we 
would take the buyout… That backup finally did it for us, and were 
told if this happens again we [FEMA/Village] will not help you… 
[The buyout] was like a miracle for us, and most of those people 
who were affected would never have been able to sell unless 
someone came up with cash.” 




reported vandalism in the project area while homes sat vacant and rotting, negatively impacting 
surrounding neighborhood home values. Shorewood resident Pat Gabrielson commented that she 
was so glad the village and FEMA were persistent in encouraging their participation in the 
HMGP buyouts. They initially refused the buyout (one of the few homes not declared 
substantially damaged). However, they quickly changed their decision and voluntarily 
participated; following the 1996 flood and after renovating and upgrading their home in its 
aftermath, an ice jam in February 1997 resulted in even more extensive damage to their home.  
Improved Community Resilience. “Hazard Mitigation provides a community with the ability to 
minimize losses, recover quickly, and be resilient in response to a natural disaster event. This 
strengthens the economic base and provides the residents with confidence and hope for the 
future” (FEMA, 2017). When asked how the mitigation projects affected his job and public 
safety priorities, Police Chief Klima said that after the buyouts, he only worried about three 
specific properties, and that flooding was no longer in his top 10 areas of concern (assuming the 
DuPage River gage read under 15 feet). That said, he is worried about future development along 
the riverfront and maintaining the hard-earned mitigation successes: “We already solved it 
once.”  
Expanded Public Lands Use. These projects not only prevent future losses, but also help create 
public spaces, recreational areas, and a focal point for the community. They provide the 
opportunity for a reconnection to the heart of Shorewood, this juncture of the DuPage River, for 
the entire community and visitors to enjoy 
safely. The village has existing plans for 
recreation and economic development, and as 
Kurt Carroll, the former village administrator 
said, “Open space and park planning was 
known and guiding the [buyout] decisions.”  
  
“These intangible benefits can make the difference 
between a good place to live and a great place to 
live.” 





Flooding is a major threat to people, property, and infrastructure in Illinois, to which 
mitigation measures are one answer. This loss avoidance study investigates the return on 
investment of a residential structure acquisition program in Shorewood, Illinois that commenced 
following a historic regional flood in July 1996. Since the 1996 flood, the Village of Shorewood 
has built a culture of mitigation by investing resources into acquiring flood-prone homes and by 
developing a variety of plans that investigate and envision the long-term role of the DuPage 
River in Shorewood’s continued progress. These mitigation projects have saved residents, the 
community, and taxpayers millions of dollars in losses; have prevented the mental stress and 
anguish inflicted by flooding on residents; and have granted the benefits to the community of a 
green open space river corridor.  
Although the home buyouts were a definite success and residents expressed their 
gratitude for the programs and the village, state, and federal staff, it is also important to note the 
permanent losses that the community experienced. There is a real sense of loss, of grieving and 
trauma from the event itself, and then the compounded loss of one’s sense of community 
following the projects’ completion. Residents interviewed were devastated by the loss of their 
family pictures in the 1996 flood and were unable to supplement the report with a taste of life 
along the river in its heyday. The community is forever altered, and the pictures capturing the 
memories are gone. That is a story also worthy of including in the loss avoidance study to pay 
homage to the lived experiences of the resilient residents of Shorewood and to add gravity to the 
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Appendix 1.    FEMA Disaster Declarations in Illinois 1957–2020 
 
FEMA Disaster 
Number Event Date of Declaration 
DR-78 Floods  Friday, June 21, 1957 - 20:00 
DR-115 Floods, tornadoes  Friday, May 26, 1961 - 20:00 
DR-194 
Tornadoes, severe 
storms, flooding  Saturday, April 24, 1965 - 19:00 
DR-227 Tornadoes  Monday, April 24, 1967 - 19:00 
DR-242 
Tornadoes, severe 
storms, flooding  Tuesday, June 4, 1968 - 20:00 
DR-262 Flooding  Thursday, June 5, 1969 - 20:00 
DR-276 
Heavy rains, 
flooding  Friday, August 29, 1969 - 20:00 
DR-351 
Severe storms, 
flooding  Sunday, September 3, 1972 - 20:00 
DR-373 
Severe storms, 
flooding  Wednesday, April 25, 1973 - 19:00 
DR-427 Tornadoes  Wednesday, April 10, 1974 - 20:00 
DR-438 
Severe storms, 
flooding  Sunday, June 9, 1974 - 20:00 
DR-478 Tornado  Thursday, July 24, 1975 - 20:00 
DR-509 
Severe storms, 
flooding  Thursday, June 17, 1976 - 20:00 
EM-3068 
Blizzards,  
snowstorms  Monday, January 15, 1979 - 19:00 
DR-583 
Severe storms, 




tornadoes  Monday, June 29, 1981 - 20:00 
DR-660 
Severe storms, 








tornadoes  Sunday, June 5, 1983 - 20:00 
DR-735 
Severe storms, 
flooding  Thursday, March 28, 1985 - 19:00 
DR-776 
Severe storms, 
flooding  Monday, October 6, 1986 - 20:00 
DR-798 
Severe storms, 






tornadoes  Thursday, January 12, 1989 - 19:00 
DR-860 
Ice storm, severe 
storm  Monday, March 5, 1990 - 19:00 
DR-871 
Flooding, severe 
storm, tornado  Thursday, June 21, 1990 - 20:00 
DR-878 Tornadoes  Tuesday, August 28, 1990 - 20:00 
DR-941 Flooding  Tuesday, April 14, 1992 - 20:00 
DR-997 
Flooding, severe 
storms  Thursday, July 8, 1993 - 20:00 
DR-1025 
Severe storms, 
flooding  Monday, April 25, 1994 - 20:00 
DR-1053 
Severe storms, 
flooding  Monday, May 29, 1995 - 20:00 
DR-1110 
Severe storms, 
tornadoes  Monday, April 22, 1996 - 20:00 
DR-1112 
Severe storms, 
flooding  Sunday, May 5, 1996 - 20:00 
DR-1129 Flooding  Wednesday, July 24, 1996 - 20:00 
DR-1170 
Severe storms, 
flooding  Thursday, March 20, 1997 - 19:00 
DR-1188 Flooding  Tuesday, September 16, 1997 - 20:00 
EM-3134 Winter snowstorm  Thursday, January 7, 1999 - 19:00 
DR-1278 
Severe storms,  
flash Flooding  Thursday, May 27, 1999 - 20:00 
EM-3161 
Severe winter 
storm  Tuesday, January 16, 2001 - 19:00 








flooding  Wednesday, May 14, 2003 - 20:00 
DR-1513 
Severe storms, 
tornadoes   Thursday, April 22, 2004 - 20:00 
EM-3199 Snow  Monday, January 31, 2005 - 19:00 
EM-3230 
Hurricane Katrina 
evacuation  Tuesday, September 6, 2005 - 20:00 
DR-1633 
Tornadoes,  severe 
storms  Monday, March 27, 2006 - 19:00 






storm  Thursday, February 8, 2007 - 19:00 
DR-1722 
Severe storms,  
flooding  Wednesday, August 29, 2007 - 20:00 
DR-1729 
Severe storms,  
flooding  Monday, September 24, 2007 - 20:00 
DR-1747 
Severe storms,  
flooding  Thursday, March 6, 2008 - 19:00 
EM-3283 Snow  Wednesday, March 12, 2008 - 20:00 
DR-1771 
Severe storms,  
flooding  Monday, June 23, 2008 - 20:00 
DR-1800 
Severe storms, 
flooding  Thursday, October 2, 2008 - 20:00 
DR-1826 
Severe winter 




tornadoes  Wednesday, July 1, 2009 - 20:00 
DR-1935 
Severe storms, 
Flooding  Wednesday, August 18, 2010 - 20:00 
DR-1960 
Severe winter 
storm, snowstorm  Wednesday, March 16, 2011 - 20:00 
DR-1991 
Severe storms,  
flooding  Monday, June 6, 2011 - 20:00 
DR-4116 
Severe storms, 
straight-line winds,  
tornadoes  Thursday, May 9, 2013 - 20:00 
DR-4157 
Severe storms, 
straight-line winds,  
tornadoes  Monday, November 25, 2013 - 19:00 
DR-4461 
Severe storms, 
Flooding  Wednesday, September 18, 2019 - 20:00 
EM-3435 Illinois Covid-19  Thursday, March 12, 2020 - 20:00 









Appendix 2. Floods of July 18–20, 1996 in Northern Illinois- Isohyet map 
 
  
Holmes, Robert R. Jr., and Amanda L. Kupa. "Floods of July 18-20, 1996 in Northern Illinois". United States 




Appendix 3: Building Replacement Values, Content Cost Functions 
Hazus Occupancy Class Description 
Occupancy 









RES1 Single Family Dwelling Refer to RES1 Cost 0.5 
RES2 Manufactured Housing Manufactured 
Housing 
$48.86 0.5 
RES3A Multi Family Dwelling – small Duplex $124.25 0.5 
RES3B Multi Family Dwelling – small Triplex/Quads $109.66 0.5 
RES3C Multi Family Dwelling – medium 5-9 units $201.33 0.5 
RES3D Multi Family Dwelling – medium 10-19 units $187.75 0.5 
RES3E Multi Family Dwelling – large 20-49 units $188.48 0.5 
RES3F Multi Family Dwelling – large 50+ units $174.53 0.5 
RES4 Temp. Lodging Hotel, medium $182.28 0.5 
RES5 Institutional Dormitory Dorm, medium $199.63 0.5 
RES6 Nursing Home Nursing home $215.91 0.5 
Commercial 
COM1 Retail Trade Dept Store, 1 story $114.47 1 
COM2 Wholesale Trade Warehouse, medium $120.00 1 
COM3 Personal and Repair Services Garage, repair $139.88 1 
COM4 Professional/ Technical/Business Service Office, medium $176.29 1 
COM5 Banks Bank $261.33 1 
COM6 Hospital Hospital, medium $302.35 1.5 
COM7 Medical Office/Clinic Med. office, medium $226.54 1.5 
COM8 Entertainment & Recreation Restaurant $227.53 1 
COM9 Theaters Movie theatre $190.95 1 
COM10 Parking Parking garage $80.59 0.5 
Industrial 
IND1 Heavy Factory, small $133.03 1.5 
IND2 Light Warehouse, medium $120.00 1.5 
IND3 Food/Drugs/Chemicals College laboratory $180.47 1.5 
IND4 Metals/Minerals Processing College laboratory $180.47 1.5 
IND5 High Technology College laboratory $180.47 1.5 
IND6 Construction Warehouse, medium $120.00 1 
Religious 
REL1 Church Church $190.53 1 
Agriculture 
AGR1 Agriculture Warehouse, medium $120.00 1 
Government 




GOV2  Emergency Response Police station $254.23 1.5 
Education 
EDU1  Schools/Libraries High school $201.63 1 
EDU2  Colleges/Universities College classroom $171.05 1.5 
1Content cost factor is a multiplier applied to building cost to estimate the content cost of a structure 
  
 
Single Family Residential RSMeans Square Foot Cost 
Description Height Class 
Average Base 







Economy 1 story $97.61 $26.45 $9.55 
Economy 2 story $104.04 $15.20 $6.30 
Economy 3 story $104.04 $15.20 $6.30 
Economy Split level $96.69 $15.20 $6.30 
Average 1 story $116.66 $32.80 $11.25 
Average 2 story $122.75 $21.05 $7.40 
Average 3 story $127.94 $16.65 $5.80 
Average Split level $113.66 $21.05 $7.40 
Custom 1 story $159.51 $53.65 $21.65 
Custom 2 story $163.95 $30.90 $12.90 
Custom 3 story $168.69 $22.55 $9.60 
Custom Split level $153.15 $30.90 $12.90 
Luxury 1 story $188.84 $59.00 $22.65 
Luxury 2 story $194.94 $34.55 $13.85 
Luxury 3 story $201.09 $25.50 $10.40 















Appendix 4: Depth-Damage Functions 
When using DDFs, it is often necessary to perform an interpolative calculation based on actual 
depth found during the flood analysis to find the damage function associated with that depth. The 
same calculation is performed when a DDF is being used to determine the building damage, 
contents damage, displacement time, or loss of function time. (FEMA, 2011) 






(% damage or days of 











d = known depth (from the flood depth grids) 
D1 = lower depth value from the depth-damage function table 
D2 = upper depth value from the depth-damage function table 
DDF1 = lower value for percent damage or days of loss of function from the depth-damage 
function table 
DDF2 = upper value for percent damage or days of loss of function from the depth-damage 
function table 
x = interpolated percent damage or days of loss of function from the depth-damage function 
based on depth 







  Structure Damage by Occupancy Type   
Structure DDFs Content DDFs  




R11N  R11B  R12N  R12B  R21N  R3A1N R11N  R11B  R12N  R12B  R21N  R3A1N 
 
Source USACE - 
IWR 
BCAR - 




































































Stories 1 Story 1 Story 2 Story 2 Story 1 Story 1–2 Stories 1 Story 1 Story 2 Story 2 Story 1 Story 1–2 Stories  






-4 ft 0% 0% 0% 4% 0% 0% 0% 0% 0% 0% 0% 0% 
-3 ft 0% 0% 0% 4% 0% 0% 0% 0% 0% 5% 0% 0% 
-2 ft 0% 14% 0% 8% 0% 0% 0% 11% 0% 7% 0% 0% 
-1 ft 3% 19% 0% 14% 0% 0% 4% 13% 0% 8% 0% 0% 
0 ft 13% 26% 11% 19% 11% 15% 16% 16% 8% 16% 3% 12% 
1 ft 23% 32% 12% 21% 44% 16% 26% 19% 11% 18% 27% 24% 
2 ft 32% 39% 14% 26% 63% 25% 36% 22% 19% 25% 49% 33% 
3 ft 40% 46% 18% 29% 73% 28% 44% 25% 23% 29% 64% 35% 
4 ft 47% 52% 20% 34% 78% 29% 52% 27% 28% 33% 70% 37% 
5 ft 53% 59% 22% 39% 79% 31% 58% 30% 33% 37% 76% 41% 
6 ft 59% 65% 24% 44% 81% 40% 64% 32% 39% 42% 78% 45% 
7 ft 63% 70% 26% 50% 82% 43% 68% 35% 44% 46% 79% 50% 
8 ft 67% 74% 30% 55% 83% 43% 72% 36% 50% 52% 81% 55% 
9 ft 71% 78% 34% 57% 84% 45% 74% 38% 54% 55% 83% 60% 
10 ft 73% 80% 38% 59% 85% 46% 76% 39% 58% 58% 83% 60% 
11 ft 75% 81% 39% 61% 86% 47% 78% 39% 60% 60% 83% 60% 
12 ft 77% 81% 40% 63% 88% 47% 80% 39% 60% 60% 83% 60% 
13 ft 79% 81% 42% 65% 89% 49% 80% 39% 60% 60% 83% 60% 
14 ft 80% 81% 43% 66% 90% 50% 80% 39% 60% 60% 83% 60% 
15 ft 81% 81% 44% 68% 91% 51% 80% 39% 60% 60% 83% 60% 
16 ft 81% 81% 45% 69% 92% 52% 80% 39% 60% 60% 83% 60% 
17 ft 82% 81% 47% 71% 94% 53% 80% 39% 60% 60% 83% 60% 
18 ft 82% 81% 48% 72% 95% 54% 80% 39% 60% 60% 83% 60% 
19 ft 83% 81% 49% 74% 96% 55% 80% 39% 60% 60% 83% 60% 
20 ft 83% 81% 50% 75% 97% 56% 80% 39% 60% 60% 83% 60% 
21 ft 83% 81% 52% 77% 98% 57% 80% 39% 60% 60% 83% 60% 
22 ft 84% 81% 53% 79% 99% 58% 80% 39% 60% 60% 83% 60% 
23 ft 84% 81% 54% 80% 100% 59% 80% 39% 60% 60% 83% 60% 
24 ft 84% 81% 56% 82% 100% 60% 80% 39% 60% 60% 83% 60% 




Loss of Function / Displacement Depth-
Damage Data 
Building Type Residential 
Flood Depth 
(in feet) 



























































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
January 24, 1999 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013



































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
April 21, 2000 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013



































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
February 9, 2001 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013



































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
October 15, 2001 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
June 12, 2004 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
January 13, 2005 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
September 24, 2007 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013





































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
September 15, 2008 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
December 29, 2008 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
July 26, 2010 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
June 9, 2011 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013



































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
April 19, 2013 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
June 17, 2015 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
May 1, 2017 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
October 16, 2017 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013




































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
May 2, 2019 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013





































































































































Vilage o f Sho rewo o d
Wil Co unty, Ilino is
Structure Buyouts
Modeled Flood Event:
May 16, 2020 ²
0 200 400100
Feet
Not Damaged by Event8
Damaged by Event×
Pre-Buyout (Existing) Structures
Lo cation No t Afected by Event;





Aerial Pho to  fro m 2013
pro vided by Wil Co unty
0
0
33
23
